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(57) ABSTRACT

A signal processing device, even when a steep difference in
DC level 1s included 1n a signal read from a disc such as a

DVD-RAM format, cuts off the DC level and pulls the read
signal into an appropriate A/D mnput level. A steep difference
in DC level between a data section and a CAPA section 1s
absorbed by a first offset unit, and an asymmetry which
occurs due to vanations in the disc manufacturing stage 1s
corrected by a second offset unit. Further, a control signal for
operating the two oifset units exclusively 1s generated by a
controller, thereby controlling both offset unaits.

8 Claims, 19 Drawing Sheets
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1
SIGNAL PROCESSING DEVICE

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a signal processing device
which analog-to-digital converts data recorded on an infor-
mation recording medium to reproduce the data. More par-
ticularly, the invention relates to an improvement of a tech-
nique for adjusting a DC voltage of an analog signal in order
to efficiently use an input dynamic range of an A/D converter.

2. Background Art

While an analog signal processing IC and a digital signal
processing L.SI have conventionally been configured in dii-
terent chips, approaches for reducing circuit scale, footprint,
and external parts by integrating these ICs 1n one chip have
been made. Further, a cost-down effect due to semiconductor
process shrinkage can be easily obtained by promoting digi-
tization of analog signal processing circuits.

With these approaches, the conventional signal processing
circuit 1s required to perform efficient analog-to-digital con-
version 1n a unit for converting an analog signal into a digital
signal (hereinatfter referred to as A/D conversion), that 1s, to
covert an analog signal into a digital signal with the maximum
amplitude, within an input dynamic range of an A/D con-
verter.

As an example of such conventional art, one disclosed 1n
Patent Document 1 has been known.

FIG. 2 shows the conventional signal processing device
disclosed 1n Patent Document 1, which 1s arbitrarily modified
to facilitate the explanation.

The conventional signal processing device comprises, for
example, a high-pass filter 8 which cuts off a low-frequency
component included 1 an input signal that i1s reproduced
from an information recording medium to remove a DC oifset
from the reproduced signal, a variable gain amplifier 9 which
gives a gain according to an mput gain control signal to the
reproduced signal from which the DC offset has been
removed by the high-pass filter 8, an equalizer 10 which
receives an output of the variable gain amplifier 9 and per-
forms wavelorm equalization, an offset umit 11 which
receives an output of the equalizer 10 and gives a DC offset
according to an mput offset control signal to the mput signal,
an A/D converter 3 which recerves an output of the offset unit
11 and performs analog-to-digital conversion, a peak detector
4 which performs peak detection from sampling data
obtained by the A/D converter 3, a bottom detector 3 which
performs bottom detection from the sampling data obtained
by the A/D converter 3, an amplitude detector 12 which
calculates amplitude information 1n the nput signal to the
A/D converter 3 from the detected peak value and the detected
bottom value, an offset detector 6 which calculates offset
information in the iput signal to the A/D converter 3 from the
detected peak value and the detected bottom value, a gain
controller 14 which controls the variable gain amplifier 9 to
make the mput amplitude of the A/D converter 3 constant,
based on the amplitude information obtained by the ampli-
tude detector 12, and an offset controller 13 which controls
the offset unit 11 to make the input offset of the A/D converter
3 constant, based on the offset mnformation obtained by the
olfset detector 6.

Next, the operation will be described. For example, a signal
recorded 1n an information recording medium such as an
optical disc 1s reproduced by a reproduction means such as an
optical pickup. A low-frequency component i1s removed from
the reproduced by the high-pass filter 8, and the resultant
signal 1s output to the variable gain amplifier 9.
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2

The variable gain amplifier 9 1s controlled to make the
input amphtude of the A/D converter 3 constant, and gives the
controlled gain to the input signal from the high-pass filter 8.
The equalizer 10 performs equalization to the output signal
from the varniable gain amplifier 9.

The offset unit 11 1s controlled to make the input offset of
the A/D converter 3 constant, and gives the controlled offset
to the 1input signal from the equalizer 10.

The A/D converter 3 converts the output signal of the offset
unmit 11 from an analog signal to a digital signal. The peak
detector 4 detects a peak of the output signal from the A/D
converter 3, and the bottom detector 5 detects a bottom of the
output signal from the A/D converter 3.

The amplitude detector 12 calculates amplitude informa-
tion of the mput signal to the A/D converter 3 from the signals
detected by the peak detector 4 and the bottom detector 5,
thereby to detect the amplitude information. The gain con-
troller 14 controls the gain to be given by the variable gain
amplifier 9 so as to make the mput amplitude of the A/D
converter 3 constant, based on the amplitude information
detected by the amplitude detector 12.

The ofiset detector 6 calculates offset information of the
input signal to the A/D converter 3 from the signals detected
by the peak detector 4 and the bottom detector 5, thereby to
detect the offset information. The offset controller 13 controls
the offset to be given by the offset controller 13 so as to make
the mput offset of the A/D converter 3 constant, based on the
olfset information detected by the offset detector 6.

The function of the equalizer 10 will be described 1n more
detaill. When reproducing a high-density recorded optical
medium or the like, the signal amplitudes of relatively short
recording marks are reduced due to optical frequency char-
acteristics. Therefore, the equalizer 10 boosts up this fre-
quency band to improve the SNR (Signal to Noise Ratio) of
the signal.

Next, the function of the offset unit 11 will be described 1n
more detail. Although the input signal to the high-pass filter 8
becomes DC free after passing through the high-pass filter 8,
if the recording marks are formed larger or smaller than their
proper lengths due to variations in the manufacturing stage of
the information recording medium, the ratio between the “H”
section and “L”” section of the signal deviates from 50:50, and
this deviation causes a phenomenon that the average DC level
of the reproduced signal deviates from the center position
between the upper and lower peaks of the reproduced signal.
This phenomenon frequently occurs when the recording con-
dition 1s not appropriate, and 1t 1s generally called “asymme-

try”.

When the reproduced signal having such asymmetry
passes through the high-pass filter 8, 1ts DC component 1s cut
off, and a DC offset occurs in the input signal to the A/D
converter 3 as shown in FIG. 3. As the DC offset increases, the
reproduced signal wavetform might exceed the input dynamic
range of the A/D converter 3, which causes a problem that a
portion of the wavetorm 1s lost and thereby correct A/D con-
version cannot be performed. In the conventional configura-
tion shown 1n FIG. 2, the offset unit 11 1s placed behind the
high-pass filter 8 to provide a control loop for controlling the
offset unit 11 by the offset controller 13. Thereby, even when
a reproduced signal having an asymmetry is mputted, this
reproduced signal can be efliciently included in the input

dynamic range of the A/D converter 3.
Next, aformat of a DVD-RAM which 1s a kind of an optical

disc will be described.

As a physical format of the DVD-RAM, a wobble land/
groove system 1s adopted. The wobble land/groove system 1is,
as shown 1n FIG. 4, a system of recording marks in a convex
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groove track 15 and a concave land track 16 which are
recorded on the surface of the optical disc, viewed from the
side to which laser light 1s applied.

The groove track 15 and the land track 16 are separated into
units called sectors, and a header region 17 1s formed at the
beginning of each sector. In this header region 17, sector
address information has been recorded 1n the form of a pit
sequence at the time of manufacture. Therefore, 1n the wobble
land/groove system, detection of the sector address can be
performed by reading the pit sequence 1n the header region
17.

In the header region 17, the pit sequence 1s divided 1into two
parts in the track direction, and the respective pit sequences
are arranged 1n the form called CAPA (Complementary Allo-
cated Pit Address), 1.e., arranged so as to be oflset at an
interval that 1s half the track width (pitch), alternately in the
radial direction of the optical disc, with respect to the respec-
tive tracks.

By the way, as a conventional art for reproducing a infor-
mation recording medium having a format such as the DVD-
RAM format, one disclosed in Patent Document 2 has been
known.

FI1G. 5 shows a front-end part of a conventional optical disc
reproducing apparatus disclosed 1n Patent Document 2. To be
specific, reading of recorded data from an optical disc 18 1s
performed by an optical disc 20 with the optical disc 18 being,
rotated by a spindle motor 19. Initially, 1n the optical head 20,
laser light emitted from a laser diode 20a travels straight
through a beam splitter 205 to be applied onto the recording
surface of the optical disc 18 via an objective lens 20c. When
the laser light reflected from the optical disc 18 travels back-
ward to reach the beam splitter 205 via the objective lens 20c¢,
it 1s reflected by the beam splitter 205 at about a right angle to
the advancing direction to be received by a photodetector 204d.

The light-receiving area of the photodetector 204 1s divided
into two parts along each of the radial direction and the
tangential direction with respect to the track sequence on the
optical disc 18, 1.e., 1t 1s divided into four light-receiving
areas. Electrical signals obtained from the four light-receiv-
ing areas of the photodetector 204 are converted from current
signals into voltage signals by 1/V conversion amplifiers 21a,
21b, 21c, and 21d, respectively, and then level-added by an
adder 22 to produce a sum signal.

In this sum signal, as shown 1n FIG. 6(b), the DC level
obtained in the header field 17 1s higher than the DC level
obtained 1n the data field.

The reason why the DC level of the sum signal in the data
field 1s low 1s because there 1s a diflerence 1n height between
the groove track 15 and the land track 16, and when the
reflected lights from the both tracks are mixed, the lights
having different phases to the wavelength interfere with each
other to weaken each other.

Theretfore, in the optical disc device, the sum signal out-
putted from the adder 22 1s passed through the high-pass filter
8 to cut off the DC component in the sum signal, thereby to
absorb the difference 1in the DC level between the header
region 17 and the data region 23. The sum signal from which
the DC level difference has been removed by the high-pass
filter 8 1s 1nput to the variable gain amplifier 9 shown 1n FIG.
2.

By the way, the time constant of the operation of the high-
pass lilter 8 must be set short in order to rapidly absorb the DC
level of the sum signal, at the timing when the DC level of the
sum signal 1s changed, 1.¢., at the timing when the sum signal
in the data region 1s changed to that 1in the header region or
when the sum signal 1n the header region 1s changed to that in
the data region.
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On the other hand, when the time constant of the operation
of the high-pass filter 8 1s set short, there may occur a draw-
back that the low-frequency component of the input data has
a distortion.

Therefore, i the optical disc device, the sum signal 1s
supplied to a pull-in pulse generation circuit 24 shown in FIG.
5, and as shown in FIG. 6(b), a pull-in pulse which becomes
H level for a predetermined period 1s generated at the timing
when the DC level of the sum signal 1s changed to be supplied
to the high-pass filter 8. The high-pass filter 8 1s switched
between the state where the time constant of its operation 1s
short and the state where it 1s long, for the H level section and

the L level section of the pull-in pulse, respectively.
Thereby, as shown in FIG. 6(c), the high-pass filter 8 can

rapidly pull the sum signal after the DC level change into the
state where the DC level 1s cut off, and can prevent the
pulled-1n sum signal from having a distortion.

A configuration example of the high-pass filter 8 1s shown

in FIG. 7.

The high-pass filter 8 has capacitors 28 and 29 between an
LSI terminal 25 and LSI terminals 26 and 27, respectively,
and thus the high-pass filter 80 1s configured by the capacitor
28 or the capacitor 29 and a resistor 30 mnside the LSI. Selec-
tion of the capacitor 28 or 29 to be connected 1s performed by
providing analog switches 31 and 32 1n the LSI, and switch-
ing the capacitors 28 and 29 according to a control signal from
the pull-in pulse generator 24 so that one of the capacitors 1s
turned on while the other 1s turned off.

The required cutoll frequency of the high-pass filter 8 1s
several tens Hz 1n the data region, and 1t must be set at several
hundreds kHz 1n order to absorb a DC difference 1n the header
region, and therefore, it 1s necessary to switch the cutolf
frequency 1n the order of about 10000 times.

As another method of switching the cutoil frequency,
switching of the resistance value can be considered. However,
when using the resistor 1n the LSI, it 1s difficult to accurately
produce a pair of resistors having a resistance value of about
10000 times. Further, since it 1s also difficult to produce a pair
of capacitors having a capacitance value of 10000 times, 1t 1s
necessary to adopt a configuration which enables switching
ol the capacitance value using a capacitor externally attached
to the LSI as shown 1n FIG. 7, or a configuration which
enables switching of the resistance value using an external
resistor.

Patent Document 1: International Publication No. 03/077248
Patent Document 2: Japanese Published Patent Application

No. 2000-182239

FIG. 8 15 a graph 1llustrating the relation between the semi-
conductor process rule and the ratio of the pad area to the chip
area. A pad 1s an electrode onto which a wire 33 1s bonded
when a terminal of an LSI 1s connected to a lead frame by the
wire. As shownin FI1G. 9, an end of a lead frame 34 1s a portion
to be a terminal of the LSI, and an electrode existing on the
periphery of a semiconductor chip 35 1s a pad 36. The LSI 1s
completed by sealing the external surface of the LSI with a
resin, and then cutting the terminal portions.

As shown in FIG. 8, when semiconductor chips of the same
circuit scale are assumed, the areas of pads 1n the chips must
be equal to each other regardless of the process rule. Accord-
ingly, when the chips are equipped with circuits of the same
function, the ratio of the pad area to the chip area 1s increased
as the process rule 1s decreased, resulting in a disadvantage
costwise.

FIG. 10 1s a rough schematic diagram of the chip. In FIG.
10, reference numeral 37 denotes an actual circuit part, and
reference numeral 36 denotes pads.
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In FIG. 10, the semiconductor chip size depends on the
number of pads, and the effect of process shrinkage cannot be

exerted. That 1s, when shrinkage of the semiconductor pro-
cess rule 1s further advanced hereafter, a reduction 1n the
number of terminals will be an important challenge.

By the way, as shown 1n FI1G. 7, the conventional high-pass
filter 8 for absorbing a difference in DC voltage 1n the input
signal requires three terminals.

Further, when the reproduced signal 1s transferred by a
differential transfer method to improve the S/N characteris-
tics, six terminals are required in the conventional art, and the
number of terminals will be turther increased.

The present mvention 1s made to solve the above-described
problems and has for its object to provide a signal processing
device which can absorb a difference in DC component
between reproduced signals in different reproduction sec-
tions by eflectively performing an oifset control, without
using the method of switching the time constant of a high-
pass lilter to absorb a steep DC difference.

SUMMARY OF THE INVENTION

In order to achieve the above-described object, according
to the present invention, there 1s provided a signal processing,
device comprising: a first offset unit which gives a DC offset
according to an oifset control signal to a reproduced signal
input; a second offset unit which gives a DC offset according
to an ofiset control signal to the reproduced signal input; an
A/D converter which recerves etther of the outputs from the
first and second offset units as an input signal, and analog-to-
digital converting the input signal by sampling the same with
a clock having a predetermined clock period T to output
sampling data; a peak detector which receives the output from
the A/D converter, and performs peak detection with a clock
having a period that 1s m times (m: positive iteger) of the
clock period T; a bottom detector which receives the output
from the A/D converter, and performs bottom detection with
a clock having a period that 1s n times (n: positive integer) of
the clock period T; an offset detector which recerves the
output from the peak detector and the output from the bottom
detector, and calculates a signal ofifset in the input signal to the
A/D converter to output an offset information signal; and a
controller which exclusively controls the offset controls per-
formed by the first and second offset umits according to the
offset information signal outputted from the offset detector;
wherein the offset 1n the mput signal to the A/D converter 1s
kept approximately constant independently of a local varia-
tion 1n the reproduced signal.

According to the above-described configuration, when a
reproduced signal including a steep difference in DC voltage
1s inputted, the DC difference 1s absorbed without increasing
the number of terminals, and thereby an offset in the input
signal to the A/D converter can be kept approximately con-
stant.

Further, the signal processing device of the present inven-
tion includes a gate generator for generating a gate signal, the
controller exclusively controls the offset controls performed
by the first and second offset units, according to the offset
information signal and the gate signal, and the offset 1n the
input signal to the A/D converter 1s kept approximately con-
stant independently of a local vanation in the reproduced
signal.

According to the above-described configuration, when a
reproduced signal including a steep difference in DC voltage
1s inputted, the DC difference 1s absorbed without increasing
the number of terminals, and efficient control suitable for the
format of the information recording medium 1s carried out,
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and thus an offset 1n the input signal to the A/D converter can
be kept approximately constant.

Further, the signal processing device of the present inven-
tion includes a storage unit which holds information of a
control signal outputted from the controller, and the held
information to be mput to the controller 1s controlled by the
gate signal outputted from the gate generator.

According to the above-described configuration, when a
reproduced signal including a steep difference in DC voltage
1s inputted, the DC difference 1s absorbed without increasing
the number of terminals, and the control amount of the offset
unit 1s held in the storage unit, and thus the time required until
the DC difference 1s pulled 1n the center can be reduced.

Further, according to the present invention, there 1s pro-
vided a signal processing device comprising: a first offset unit
which gives a DC offset according to an offset control signal
to a reproduced signal input; a second oifset unit which gives
a DC offset according to an oifset control signal to the repro-
duced signal input; an A/D converter which receives either of
the outputs from the first and second offset units as an input
signal, and analog-to-digital converting the mput signal by
sampling the same with a clock having a predetermined clock
pertod T to output sampling data; a peak detector which
receives the output from the A/D converter, and performs
peak detection with a clock having a period that 1s m times (m:
positive 1teger) of the clock period T; a bottom detector
which receives the output from the A/D converter, and per-
forms bottom detection with a clock having a period that 1s n
times (n: positive mteger) ol the clock period T; an offset
detector which receives the output from the peak detector and
the output from the bottom detector, and calculates a signal
offset 1n the input signal to the A/D converter to output an
olflset information signal; and a controller which exclusively
controls the ofiset controls of the first and second ofiset units
according to the oifset information signal outputted from the
offset detector, and 1s able to hold the control operation or
change the control speed upon reception of a hold signal;
wherein the signal offset 1n the mput signal to the A/D con-
verter 1s kept approximately constant independently of alocal
variation 1n the reproduced signal.

According to the above-described configuration, a signal
offset in the mnput signal to the A/D converter can be kept
approximately constant independently of a local variation 1n
the reproduced signal.

Further, according to the present invention, there 1s pro-
vided a signal processing device comprising: a variable gain
amplifier which gives a gain according to a set value to a
reproduced signal mput; a first oflset unit which receives the
output from the variable gain amplifier as an input signal, and
gives a DC oflset according to an offset control signal to the
input signal; a variable gain amplifier which receives the
output from the first offset unit as an input signal, and gives a
gain according to a gain control signal to the input signal; a
second oifset unit which receives the output of the variable
gain amplifier as an iput signal, and gives a DC olfset
according to an offset control signal to the input signal; an
equalizer which receives the output from the second offset
umt, and emphasizes a high-frequency band thereof; an A/D
converter which receives the output from the equalizer as an
input signal, and analog-to-digital converting the input signal
by sampling the same with a clock having a predetermined
clock period T to output sampling data; a peak detector which
receives the output from the A/D converter, and performs
peak detection with a clock having a period that 1s m times (m:
positive integer) of the clock period T; a bottom detector
which recerves the output from the A/D converter, and per-
forms bottom detection with a clock having a period that 1s n
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times (n: positive mteger) of the clock period T; an oifset
detector which receives the output from the peak detector and
the output from the bottom detector, and calculates a signal
offset 1n the mput signal to the A/D converter to output an
offset imformation signal; an amplitude detector which
receives the output from the peak detector and the output from
the bottom detector, and calculates a signal amplitude 1n the
input signal to the A/D converter to output an amplitude
information signal; a gain controller which controls the vari-
able gain amplifiers according to the magnitude relation
between the amplitude information signal and a target ampli-
tude value; and an offset controller which controls the first
and second offset units according to the magnitude relation
between the offset information signal outputted from the
olfset detector and a target offset value; wherein the signal
amplitude and the offset 1n the mput signal to the A/D con-
verter are kept approximately constant independently of a
local varniation 1n the reproduced signal.

According to the above-described configuration, a signal
amplitude and an offset 1n the 1nput signal to the A/D con-
verter can be kept approximately constant.

Further, the signal processing device of the present mven-
tion 1includes, between the equalizer and the A/D converter, a
third offset unit which receives the output from the equalizer
as an 1mput signal, and gives a DC offset according to a set
value to the mput signal, and a fixed gain amplifier which
receives the output from the third offset unit as an mnput signal,
and gives a fixed gain to the mput signal to output the signal
to the A/D converter.

According to the above-described configuration, the S/N
characteristics and the distortion characteristics can be
enhanced, and a signal amplitude and an offset 1n the mput
signal to the A/D converter can be kept approximately con-
stant.

According to the present invention, 1t 1s possible to provide
a signal processing apparatus which can absorb a steep dii-
terence 1n DC component that 1s included 1n a reproduced

signal, without increasing the number of terminals, by per-
forming efficient offset control.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a signal processing device
according to a first embodiment of the present invention.

FIG. 2 1s a block diagram of a signal processing device
which 1s described as a conventional art 1n Patent Document
1.

FI1G. 3 1s a diagram 1illustrating a reproduced waveform in
the case where a reproduced signal has a DC offset.

FI1G. 4 1s a diagram 1illustrating a recording structure in a
DVD-RAM format.

FIG. 5 1s a diagram 1illustrating the conventional optical
disc device.

FIG. 6 1s a diagram 1llustrating a reproduced signal from a
DVD-RAM.

FIG. 7 1s a diagram 1illustrating a configuration of a high-
pass filter.

FIG. 8 1s a graph showing the relation between the process
rule and the ratio of chip area.

FIG. 9 1s a diagram illustrating a lead frame and a semi-
conductor chip.

FI1G. 10 1s a diagram 1illustrating a semiconductor chip.

FIG. 11 1s a block diagram illustrating a specific example
ol a peak detector.

FI1G. 12 1s a block diagram illustrating the operation of the
peak detector.
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FIG. 13 15 a diagram showing a detected offset value in the
case where offset control 1s not performed.

FIG. 14 1s a diagram showing a detected ofiset value 1n the
case where offset control 1s performed.

FIG. 15 1s a diagram showing glitch of a DA converter.

FIG. 16 1s a diagram showing an error caused by the glitch.

FIG. 17 1s a diagram showing signal variations in the case
where a low-pass filter 1s present at the output of the DA
converter and the case where 1t 1s absent.

FIG. 18 15 a diagram showing a risk management function
for offset control.

FIG. 19 15 a block diagram of a signal processing device
according to a second embodiment of the present invention.

FIG. 20 1s a diagram 1illustrating a specific example of a
gate generator.

FIG. 21 1s a diagram illustrating a data structure of a DVD-
RAM format and a gate signal to be used for control.

FI1G. 22 1s a block diagram illustrating a part included in the
gate generator.

FIG. 23 15 a block diagram of a signal processing device
according to a third embodiment of the present invention.

FIG. 24 1s a diagram 1llustrating a specific example of a
storage unit.

FIG. 25 1s a time chart for explaining the operation of the
signal processing device of the third embodiment.

FIG. 26 15 a block diagram of a signal processing device
according to a fourth embodiment of the present invention.

FIG. 27 1s a block diagram of a signal processing device
according to a fifth embodiment of the present invention.

FIG. 28 15 a block diagram of a signal processing device
according to a sixth embodiment of the present invention.

DESCRIPTION OF REFERENCE NUMERALS

1. .. first offset unmt

2 . .. second oifset unit
3...A/D converter

4 . .. peak detector

5 . .. bottom detector

6 . . . oflset detector

7 . .. controller

8 . .. high-pass filter

9 . .. vanable gain amplifier
10 . . . equalizer

11 . . . offset umt

12 . . . amplitude detector
13 . . . oflset controller

14 . . . gain controller

15 . .. groove track

16 . . . land track

17 . . . header section

18 . . . optical disc

19 . . . spindle motor

20 . . . optical head

21a to 21d . . . I/'V conversion amplifier
22 ... adder

23 .. . data section

24 . . . pull-in pulse generator
25 ... LSI terminal

26 . .. LSI terminal

27 ... LSI terminal

28 . . . external capacitor
29 . . . external capacitor
30 ... LSI internal resistor
31 ... analog switch

32 ... analog switch

33 ... wire
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34 . .. lead frame

35 . .. semiconductor chip

36 ...pad

37 . .. circuit region 1n semiconductor chip

38 . .. selector

39 . .. register

40 . . . subtracter

41 . . . comparator

42 . . . pull-in characteristics when entering CAPA section
from data section

43 . . . pull-in characteristics when entering data section
from CAPA section

44 . . . data section

45 . . . gate generator

46 . . . address position detector

47 . . . sector counter

48 . . . prediction gate generator

49 . . . selector

50 . . . storage unit

51 . .. selector

52 . .. register

53 . .. selector

54 . . . register

55 . . . hold signal generator

56 . . . variable gain amplifier

57 . . . third offset unit

58 . . . fixed gain amplifier

DETAILED DESCRIPTION OF THE INVENTION

Embodiment 1

A first embodiment of the present invention corresponds to
imnventions disclosed in Claims 1 and 2, wherein first and
second offset units are exclusively controlled based on offset
information that 1s detected from sampling data outputted
from an A/D converter 3, thereby enabling absorption of a DC
offset component without increasing the number of terminals,
and mputting of a signal so as to be within the mput dynamic
range of the A/D converter.

Hereinatter, the first embodiment of the present invention
will be described 1n detail with reference to the drawings.

FIG. 1 1s a block diagram of a signal processing device
according to the first embodiment.

This signal processing device comprises a {irst offset unit 1
which gives a DC ofiset according to an ofifset control signal
to an reproduced signal mput, a second offset unit 2 which
receives the output of the first offset unit 1 as an input signal
and gives a DC oflset according to an offset control signal to
the mput signal, an A/D converter 3 which receives an output
of the second offset unit 2 as an mput signal, and analog-to-
digital converts the mnput signal by sampling the same with a
clock of a predetermined clock period T to output sampling
data, a peak detector 4 which receives an output of the A/D
converter 3 and performs peak detection with a clock of a
period that 1s m times (m: positive integer) of the above-
mentioned clock period, a bottom detector S which receives
an output of the A/D converter 3 and performs bottom detec-
tion with a clock of a period that 1s n times (n: positive integer)
of the above-mentioned clock period, an offset detector 6
which receives an output of the peak detector 4 and an output
of the bottom detector 5, and calculates a signal oifset 1n the
input signal to the A/D converter 3 to output an offset infor-
mation signal, and a controller 7 which exclusively controls
the offset controls of the first offset unit 1 and the second
offset unit 2 according to the offset information signal out-
putted from the offset detector 6.
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Next, the operation of the first embodiment will be
described. A reproduced signal from an information record-
ing medium 1s given oifsets in the first offset unit 1 and the
second oilset unit 2 according to the respective control inputs,
and then sampled by the A/D converter 3 with a timing of a
clock having a predetermined clock period T to be converted
into a quantized digital signal. For simplification, a descrip-
tion will be initially given of the operation 1n the state where
the reproduced signal 1s input to the A/D converter 3 without
being given offsets 1n the first offset unit 1 and the second
offset unit 2.

It 1s assumed that the mput signal to the signal processing,
device 1s areproduced signal of a DVD-RAM format which 1s
a kind of an optical disc. When reproducing the optical disc of
the DVD-RAM format, a signal as shown in FIG. 6(a) 1s input
to the A/D converter 3.

The signal shown in FI1G. 6(a) 1s sampled by a clock having
a predetermined clock period T to be converted 1nto a quan-
tized digital signal by the A/D converter 3. Since the input
signal 1s not given an offset by the oflset unit, it does not fall
within the mput dynamic range of the A/D converter 3, and
the bright-side signal 1s undesirably saturated.

Next, peak detection and bottom detection from the quan-
tized digital signal are performed by the peak detector 4 and
the bottom detector 3, respectively. As shown 1n FIG. 11, the
peak detector 4 comprises a selector 38 which receives the
output of the A/D converter 3 and the output of the peak
detector 4, a register 39 which temporarily holds the value
selected by the selector 38, a subtracter 40 which subtracts a
predetermined value from the output of the register 39, and a
comparator 41 which compares the output of the A/D con-
verter 3 with the output of the peak detector 4. The sampling
value that 1s one sample previous to the current sampling
value, which 1s held 1n the register 39, 1s compared with the
current sampling value by the comparator 41, and when the
current sampling value 1s larger than the previous sampling
value, the current sampling value 1s stored in the register 39,
and otherwise, rewriting of the register 39 1s not performed.

By continuously performing the above-mentioned opera-
tion, a peak of the digital signal 1s detected. In the present
state, however, although the maximum value 1s detected, the
bottom detection cannot follow an amplitude variation of the
reproduced signal 1n the direction 1n which the amplitude 1s
reduced. So, the predetermined value set 1n the subtracter 40
1s subtracted from the value held in the register 39 for each
interval of the predetermined clock by the subtracter 40, and
when the current sampling value 1s smaller than the output of
the subtracter 40, the value stored 1n the register 39 is rewrit-
ten with the output of the subtracter 40.

This operation can be concretely illustrated as shown 1n
FIG. 12. In FIG. 12, “c” denotes the sampling values of the
A/D converter 3, and “A” shows the manner of subtracting
the predetermined value for each clock after the peak detec-
tion. This subtraction amount 1s desired to be set so that it can
follow the signal dropping speed when passing through a
defect. Further, in the above description, the peak detector
and the bottom detector are operated with the clock of the
same period T as that for the A/D converter 3. However, since
the modulation modes such as EFM and 8-16 modulation are
adopted for a CD (Compact Disc) and a DVD (Digital Versa-
tile Disc), respectively, the mark length varies from 3T to 11T
or 14T (T: one period of clock), and the reproduced signal
amplitude almost reaches 1ts saturated state 1n a long mark of
5T or more. Therefore, as shown 1n FIG. 12, also when the
peak detector 4 and the bottom detector 5 are operated with
mT period and nT period, respectively (m, n are positive
integers independent from each other, 1.€., n 1s a positive
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integer ditlerent from m) or when both detectors are operated
with n'T (=mT) period (i.e., m, n are the same positive integer
not less than 2), peak detection and bottom detection can be
similarly carried out with no problem 1n practical use. In this
way, by operating the peak detector and the bottom detector
with the frequency-divided clock, a reduction 1n power con-
sumption can be achieved.

Further, the operation of the bottom detector 5 can be
realized by 1nverting the polarity of the operation of the peak
detector 4. In this case, “A” 1n FIG. 12 shows the manner of
increasing the predetermined value for each clock after the
bottom detection.

Next, offset detection 1s performed from the detected peak
value and the detected bottom value by the offset detector 6.
This offset detection can be realized by detecting a sum of the
peak value and the bottom value, or a difference 1n distance
from the center level of the A/D conversion by the A/D con-
verter 3, or whether the peak value and the bottom value are

respectively within the predetermined window ranges or not.
The detected offset 1s shown 1n FIG. 13.

Assuming that the center level 1s the target value, when a
difference between the detected offset value and the center
level 1s larger than the range A, 11 the offset 1s on the bright
side as shown 1n FIG. 13, a control signal 1s transferred to
lower the output 81gnal offset of the first offset unit 1, and
conversely, 11 the offset 1s on the dark side, a control 51gnal 1S
transierred to increase the output signal offset of the first
offset unit 1. During this operation, the second offset unit 2 1s
not operated.

Further, when the difference between the detected offset
value and the center level 1s smaller than the range A, the
second offset unit 2 performs the same operation as the opera-
tion of the first offset unit 1. During this operation, the first
offset unmit 1 1s not operated.

When the above-mentioned operation of the offset unit 1s

performed, the offset under the state where the offset unit 1s
not controlled (refer to F1G. 13) becomes as shownin FIG. 14.

In this first embodiment, when a large DC ofifset compo-
nent 1s included 1n a signal that 1s outputted from an informa-
tion recording medium such as a DVD-RAM format, the first
offset unit performs drastic oifset adjustment for pulling the
header region deviating from the center into the center level,
while the second offset unit performs relatively minute offset
adjustment after the pull-1n process.

There are problems of glitch and response speed as reasons
tor exclusively controlling the two types of oflset units, 1.e.,
the first offset unit and the second offset unit. The excluswe
control 1s to control the two types of oifset units such that only
one of them gives an offset to an input signal while the other
outputs an input signal as 1t 1s.

In this first embodiment, the optimum effect can be
obtained when the first oftset unit 1s used as an offset unit

operating at a high speed while the second offset unit 1s used
as an oifset unit operating at a low speed.

Initially, the relation between the operating speed and the
glitch will be described.

These offset units are configured by, for example, DA
converters (hereinaiter referred to as DAC). A glitch which 1s
a spike-like noise occurs 1n an output of a DAC 1n accordance
with code transition. In the case of an 8-bit DAC, since the
number of switches which are switched inside the DAC 1s
small when the code transits from 80 h (h expresses a hexa-
decimal number) to 81 h, the glitch occurs at a minute level.
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On the other hand, even 1n the same DAC, when the code
transits from 80 h to 7 Fh, the glitch 1s significantly increased.
Such glitch 1 the DAC output is shown 1n FIG. 15.

FIG. 15(a) shows the DAC output in which no glitch
occurs, and FIG. 15(b) shows the DAC output in which glitch
OCCUrs.

As for glitch which occurs due to the code transition from
80 hto 7 Fh,1.e., which occurs at a point of %2 of the full scale,
the amount of glitch becomes maximum because full-bit

iversion occurs. An mntermediate glitch smaller than this
glitch occurs at a voltage of V4 or 3% of the full scale. The glitch
in the DAC output 1s caused by charge/discharge due to
switching of the gates 1n the DAC, or it 1s caused by that the
data skews of eight control signals are not aligned 1n the case

of the 8-bit DAC.

When such glitch occurs 1n the DAC output, since an
abnormal signal 1s outputted at least temporarily, there 1s a
possibility that a read error might occur when the quantized
signal obtained in the A/D converter 3 1s converted into a
digital signal o1 0/1 to be decoded as a signal ranging from 3T
to 147T.

An example of such read error will be described with
reference to FIG. 16. In the state where no glitch occurs as
shown 1n FIG. 16(a), the quantized signal can be converted to
“11110000”. However, when glitch occurs as shown in FIG.
16(b), 1t 1s converted to “111110007, that 1s, a portion which
should properly be read as “0” 1s incorrectly read as “1”.

As a method for reducing such glitch, there 1s a method of
passing the DAC output through a low-pass filter. However,
when the DAC output 1s passed through the low-pass filter, the
speed of changing the DAC output 1s undesirably lowered.

The DAC output which has been passed through a low-pass

filter when reproducing the DVD-RAM format 1s shown 1n
FIG. 17(a), and the DAC output which has not been passed

through the low-pass filter 1s shown in FIG. 17(d). Although
a DAC control signal shown 1n FIG. 17(¢) 1s used for the both
cases, the DAC output which has been passed through the
low-pass filter takes a longer time to reach the center level.

Although 1t 1s necessary to read the address signal which 1s
located at a position about 4 apart from the beginning of the
CAPA section, when the DAC output 1s passed through the
low-pass filter, the DC level does not reach the center level by
the time the address position passes, and thus the address
signal cannot be read.

Further, 1n a section where data are to be read, having less
difference in DC ofifset component, a delay in the response

speed due to the low-pass filter being mounted does not
matter.

That 1s, when reproducing the DVD-RAM format, a high-
speed operating DAC must be used to pull the CAPA section
into the center level. Since such high-speed DAC has no
countermeasure against glitch, glitch might occur 1n the DAC
output, but such glitch which occurs in aregion where data are
not read does not matter.

Accordingly, the first offset umt provided with a DAC
having no low-pass filter at 1ts output 1s operated 1n a head
portion 42 of the CAPA section where no data should be read
or a head portion 43 of the DATA section after passage of the
CAPA section, while the second offset unit provided with a
DAC having a low-pass filter at its output 1s operated in the
region 44 where data should be read, thereby to rapidly pull-
in the DC offset component, and further, a DAC having no
influence of glitch 1s used for minute offset control 1n the
section where data should be read, thereby to efficiently per-
form offset control which 1s suitable to the mput dynamic
range of the A/D converter.
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Further, 11 both the first offset unit and the second offset
unit are operated in the state where the DC offset component

1s large, the feedback loop control 1s likely dispersed.

It 1s effective to have a function of operating the both
DACs, as a risk management function against the case where
the control of either of the DACs 1s fixed to the maximum
value or the minmimum value.

The operation of this risk management function 1s shown in
FIG. 18. The second offset unit 1s operated while the first
offset unit 1s not operated in the normal usage method.
Although the above-described control 1s always possible for
the usage within the assumed range, 1T a wavelform outside the
assumed range 1s inputted, the control signal of the second
offset unit1s saturated at (hereinafter referred to as “stuck to”)
the maximum value or the minimum value as shown 1n FIG.
18. In the following description, the state where the control
signal 1s stuck to the maximum value 1s assumed. Upon
detecting that the control signal of the second offset unit 1s
stuck to the maximum value, a control signal for operating the
first offset unit 1s outputted. The control signal to the first
offset unit 1s controlled so as to increase the offset of the input
signal to the A/D converter 3. By operating the first offset unit,
the offset of the input signal to the A/D converter 3 1s brought
near to the center level. When 1t 1s near the center level, the
olfset detection signal and the center level are almost equal to
cach other, and thereby the DAC control signal turns upward
and downward. When 1t 1s detected that the second offset unit
which should properly be operated 1s recovered from the state
where 1ts control signal 1s stuck to the maximum value, the
operation of the first oil:

set unit 1s halted.

Since the first offset unit 1s operated 1n the section where
data should be read, it 1s undeniable that glitch i1s superim-
posed onto the DAC output. However, even when a signal
outside the assumed range might arrive, the offset can be
brought to the center level by operating the first offset unit
which 1s not usually used, and thus the temperature range of
the operating environment of the optical disc reproducing
apparatus and the reproduction margin for the case of repro-
ducing an inferior disc can be extended.

As described above, according to the first embodiment, the
first offset umit 1 which gives a DC offset according to an
offset control signal to a reproduced signal iput, and the
second offset unit 2 which receives the output of the first
offset unit 1 as an mput signal and gives a DC offset according
to an offset control signal to the input signal are provided in
the stage previous to the A/D converter 3, and an offset in the
input signal to the A/D converter 3 1s detected based on the
peak detection result and the bottom detection result from the
output of the A/D converter 3, and then the controller 7
exclusively controls the first offset unit 1 and the second
offset unit 2 according to the offset information signal as the
result of the offset detection. Therefore, the whole signal
processing device can be fabricated on an LSI, and a ditfer-
ence 1n DC component can be absorbed without the necessity
of having externally-attached elements, and increasing the

number of terminals.

Embodiment 2

A second embodiment corresponds to the inventions dis-
closed 1n Claims 3, 4, 5, and 6, wherein the first and second
offset umts are exclusively controlled based on the offset
information that 1s detected from the sampling data outputted
from the A/D converter 3, thereby enabling absorption of a
DC offset component without increasing the number of ter-
minals, and inputting of the signal within the input dynamic
range of the A/D converter.
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Hereinatter, the second embodiment of the present inven-
tion will be described 1n detail with reference to the drawings.
FIG. 19 1s a block diagram of a signal processing device of
this second embodiment.

The signal processing device comprises a first offset unit 1
which gives a DC ofiset according to an ofiset control signal
to a reproduced signal input, a second offset unit 2 which
receives an output of the first offset unit 1 as an input signal
and gives a DC offset according to an offset control signal to
the input signal, an A/D converter 3 which receives an output
of the second offset unit 2 as an put signal, and analog-to-
digital converts the input signal by sampling the same with a
clock of a predetermined clock period T to output sampling
data, a peak detector 4 which receives an output of the A/D
converter 3 and performs peak detection with a clock of a
period that 1s m times (m: positive integer) of the above-
mentioned clock period, a bottom detector 5 which receives
an output of the A/D converter 3 and performs bottom detec-
tion with a clock of a period that1s n times (n: positive integer)
of the above-mentioned clock period, an offset detector 6
which receives an output of the peak detector 4 and an output
of the bottom detector 3, and calculates a signal offset 1n the
input signal to the A/D converter 3 to output an ofiset infor-
mation signal, a gate generator 45 which generates a gate
signal, and a controller 7 which exclusively controls the offset
controls of the first offset unit 1 and the second offset unit 2
according to the offset information signal and the gate signal.

Next, the operation of the second embodiment will be
described.

After the reproduced signal from the information recording
medium 1s given the offsets according to the control inputs in
the first offset unit 1 and the second offset unit 2, respectively,
it 1s sampled with the clock of the predetermined clock period
T by the A/D converter 3 to be converted into a quantized
digital signal. For simplification, a description will initially
be given of the operation in the state where the reproduced
signal 1s input to the A/D converter 3 without being given the
offsets 1n the first offset unit 1 and the second offset unit 2.

It 1s assumed that the input signal 1s a reproduced signal of
a DVD-RAM format which 1s a kind of an optical disc. When
reproducing an optical disc of the DVD-RAM format, a signal
as shown 1n FIG. 6(a) 1s imnput to the A/D converter 3.

The signal shown 1n FIG. 6(a) 1s sampled by a clock having,
a period T to be converted into a quantized digital signal by
the A/D converter 3. Since the input signal 1s not given ofisets
in the offset units, 1t does not fall within the input dynamic
range ol the A/D converter 3, and the bright-side signal 1s
saturated.

Next, peak detection and bottom detection from the quan-
tized digital signal are performed by the peak detector 4 and
the bottom detector 5, respectively. The peak detection and
the bottom detection are 1dentical to those described for the
first embodiment, and both may be pertormed with a clock of
the same period as the predetermined clock period T. How-
ever, peak detection and bottom detection can be similarly
performed by operating the peak detector 4 and the bottom
detector 5 with mT period and a nT period, respectively (m, n
are positive integers independent from each other, 1.e.,n1s a
positive integer different from m) or by operating both detec-
tors with n'T (=mT) period (1.e., m, n are the same positive
integer not less than 2), thereby realizing a reduction 1n power
consumption.

Next, offset detection from the detected peak value and the
detected bottom value 1s performed by the offset detector 6.
This offset detection can be realized by detecting a sum of the
peak value and the bottom value, or a difference 1n distance
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from the A/D center level, or whether the peak value and the
bottom value are respectively within the predetermined win-
dow ranges or not.

The offset thus detected 1s shown 1n FIG. 13.

Next, the gate signal generated by the gate generator 45 1s
input to the controller 7, and a control signal which controls
the first offset unit and the second offset unit so that these
offset unit are exclusively operated i1s outputted from the
controller 7.

Next, the gate generator 45 and the gate signal outputted
from the gate generator 45 will be described.

The gate generator 45 comprises, as shown 1 FIG. 20, an
address position detector 46 which detects an address posi-
tion based on a binarized signal decoded to 0/1 after the
reproduced signal has been converted 1nto a digital signal, a
sector counter 47 which counts a section corresponding to
one sector, using a reproduction clock that 1s synchronized
with the phase of the clock component possessed by the
reproduced signal, with reference to the detected address
position, and a prediction gate generator 48 which generates
a gate at a position of next address information that 1s pre-
dicted by the sector counter 47.

By efficiently controlling the first offset unit and the second
offset unit using the gate generator 43, offset adjustment can
be performed without being affected by defect or disordered
tracking servo.

Next, specific methods for generating and using the gate
signal will be described.

FIG. 21(a) shows a DVD-RAM recording format. As
shown 1n FIG. 21(a), each sector 1s divided into an address
block as an emboss area in which address information of the
sector 1s recorded, and a data block in which random data can
be rewritten.

In FIG. 21(a), VFO (Vanable Frequency Oscillator) 1s a
region where 4T (T: minimum recording unit time) patterns
are continuously recorded, and 1t 1s used for phase sync pull-
in or the like. AM 1s an address mark, and a sync pattern
represented by 14T+47T 1s included in the AM in the DVD. 1D
1s a region where the address information of the correspond-
ing sector 1s recorded, and four IDs exist in the address block
while one ID exists 1n the data block. PS 1n the data block 1s
called “pre sync”, and a sync pattern 1s included in the PS.

Description will be advanced assuming that the gate signal
of this embodiment drives the first offset unit when 1t 1s H, and
drives the second offset unit when 1t 1s L.

The gate signal shown in FIG. 21(c¢) 1s a gate signal which
becomes H in the address block and L 1n the data block. In the
H section, 1.e., 1n the address block, the first offset unit char-
acterized by high-speed operation 1s operated, and thereby the
DC offset at the time when the signal goes mto the CAPA
section can be rapidly pulled 1n the center level.

In the L section, the second offset unit which performs
low-speed operation but does not cause glitch 1s operated to
perform offset adjustment. Since the purpose 1s ofiset adjust-
ment for the signal that 1s pulled n almost the center, the
low-speed operation has no problem.

FIG. 21(b) shows a gate signal which 1s outputted with a
region that must be read being an L section and a region that
1s not required to be read being an H section in the reproduced
signal.

Using the gate signal shown 1n FIG. 21(d), the first offset
unit capable of high-speed operation 1s operated during the H
section, and thereby the DC offset at the time of going 1nto the
CAPA section can be rapidly pulled 1n the center level. Even
if the above-mentioned glitch occurs, since the H section 1s
not to be read, the glitch does not affect the operation.
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In the L section, the second ofifset unit which performs
low-speed operation but does not cause glitch can be oper-

ated. Since the purpose 1s oifset adjustment for the signal that
1s pulled 1n almost the center, the offset umt performing
low-speed operation does not matter.

Further, 1t 1s effective to switch the control method between
the state where the address position 1s acquired with stability
and the unstable state before the acquisition of the address
position.

As shown 1n FIG. 22, a selector 49 1s provided 1n the
controller 7, and a signal serving as an index for address
acquisition (address acquisition signal) which becomes H
when address acquisition has succeeded and L when address
acquisition has failed continuously twice 1s input to the selec-
tor 49, and the selector 49 1s set up so as to select the gate
signal A generated by the gate generator 45 when the address
acquisition signal 1s L, and the gate signal B generated by the
gate generator 45 when 1t 1s H.

As a specific example, the operation 1n the case where the
gate signal A mputted to the selector 49 1s the gate signal
shown 1n FIG. 21(c¢) and the gate signal B 1s the gate signal
shown 1n FIG. 21(b) will be described.

Since data are read 1n the state where an address can be
obtained, it 1s not necessary to read the signal in the state
where no address 1s obtained. Accordingly, the DC offset can
be pulled 1n the center level more rapidly by using the gate
signal shown 1n FIG. 21(c) which operates the first offset unit
that performs high-speed operation while glitch 1s superposed
in 1ts output, for a longer section. Even the signal on which the
glitch 1s superposed does not afect the operation because data
are not read. Further, after the address acquisition, the second
offset unit 1s operated using the gate signal shown i FIG.
21(b) when reading the address information 1n the address
block, and thereby superposition of glitch can be avoided.

As described above, according to the second embodiment,
the gate generator 45 for generating a gate signal 1s further
added to the configuration of the first embodiment, and the
controller 7 exclusively controls the offset controls of the first
and second offset units based on the gate signal as well as the
offset mnformation signal, and thereby a difference i DC
component can be absorbed without increasing the number of
terminals. Further, a gate signal 1s generated by the gate
generation so that the first offset unit which 1s capable of
high-speed operation 1s operated in the address block 1n the
reproduced signal while the second offset unit which per-
forms low-speed operation but does not cause glitch 1s oper-
ated 1n the data block, and thereby a DC offset at the time of
going into the CAPA section can be rapidly pulled 1n the
center level.

Embodiment 3

A third embodiment corresponds to the inventions of
Claim 7 and Claim 8, wherein the first and second offset units
are exclusively controlled based on the offset information that
1s detected from the sampling data outputted from the A/D
converter 3, thereby enabling absorption of a DC offset com-
ponent without increasing the number of terminals, and mput-
ting of the signal within the input dynamic range of the A/D
converter. Further, a storage unit 1s provided to hold a control
value for the offset unit, thereby realizing efficient operation.

Hereinafiter, the third embodiment of the present invention
will be described in detail with reference to the drawings.
FIG. 23 1s a block diagram of a signal processing device of the
third embodiment.

This signal processing device comprises a first offset unit 1
which gives a DC ofiset according to an ofiset control signal
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to a reproduced signal input, a second offset umit 2 which
receives an output of the first offset unit 1 as an 1input signal
and gives a DC oflset according to an offset control signal to
the mput signal, an A/D converter 3 which receives an output
of the second offset unit 2 as an mput signal, and analog to
digital convert the mput signal by sampling the same with a
clock of a predetermined clock period T to output sampling
data, a peak detector 4 which receives an output of the A/D
converter 3 and performs peak detection with a clock of a
period that 1s m times (m: positive integer) of the above-
mentioned clock period, a bottom detector 5 which recerves
the output of the A/D converter 3 and performs bottom detec-
tion with a clock of a period that 1s n times (n: positive integer)
of the above-mentioned clock period, an offset detector 6
which recerves an output from the peak detector 4 and an
output from the bottom detector 5, and calculates a signal
offset 1n the mput signal to the A/D converter 3 to output an
offset information signal, a gate generator 45 which generates
a gate signal, a controller 7 which exclusively controls the
olffset controls of the first offset unit 1 and the second oifset
unit 2 according to the offset information signal and the gate
signal, and a storage unit 50 which holds information of a
control signal outputted from the controller, and controls the
held information to be mnput to the controller 7 1n accordance
with the gate signal outputted from the gate generator 45.

By adopting the above-described configuration, when a
reproduced signal including a steep ditference in DC compo-
nent 1s inputted, the difference in DC component can be
absorbed without increasing the number of LSI terminals.
Further, since the control amount of the offset unit 1s held 1n
the storage unit 50, the time required until the difference in
DC component 1s pulled 1n the center level can be reduced.

As shown 1n FIG. 24(a), when the input gate signal 1s “0”,
the selector 51 selects the control signal supplied from the
controller 7 and writes the same 1n the register 52, and the
register 52 outputs the written control signal as a control
signal a. When the gate signal 1s “1”, the control signal stored
in the register, which has been written under the state where
the gate signal was “0”, 1s held.

Conversely, as shown i FIG. 24(d), when the mput gate
signal 1s “1”, the selector 53 selects the control signal sup-
plied from the controller 7, and writes the same 1n the register
54. The register 54 outputs the written control signal as a
control signal b. When the gate signal 1s “0”, the control signal
stored 1n the register 54, which has been written under the
state where the gate signal was 17, 1s held. The transfer of the
control signal from the storage umt to the control unit is
performed only at rising edges and falling edges of the gate
signal. As for the control signals under the state where the gate
signal 1s L, the information of the last control signal 1s trans-
mitted to the first control signal 1n the next L state.

The same can be said for the state where the gate signal 1s
H.

Next, the operation of this third embodiment will be
described.

The reproduced signal from the information recording
medium 1s given the offsets according to the control signals
by the first offset unit 1 and the second offset unit 2, respec-
tively, and then sampled with a clock of a predetermined
clock period T to be converted into a quantized digital signal
by the A/D converter 3.

Next, peak detection and bottom detection from the quan-
tized digital signal 1s performed by the peak detector 4 and the
bottom detector 5, respectively. The peak detection and the
bottom detection are 1dentical to those described for the first
embodiment, and both of them may be performed with a
clock of the same period as the clock of the predetermined
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clock period T. However, peak detection and bottom detection
can be similarly performed by operating the peak detector 4
and the bottom detector 5 with mT period and nT period,
respectively (m, n are positive integers independent from
cach other, 1.e., n 1s a positive integer different from m) or by
operating both detectors with nT (=mT) period (1.e., m, n are
the same positive integer not less than 2), thereby realizing a
reduction 1n power consumption.

Next, offset detection from the detected peak value and the
detected bottom value 1s performed by the offset detector 6.
The offset detection can be performed by detecting a sum of
the peak value and the bottom value, or a difference 1n dis-
tance from the A/D center level, or whether the peak value and
the bottom value are respectively included within the prede-
termined window ranges or not.

The detected offset 1s shown 1n FIG. 13.

Next, the gate signal generated by the gate generator 45 1s
input to the controller 7, and the control signals for control-
ling the exclusive operations of the first offset unit and the
second oifset unit are outputted from the controller 7.

Although the gate signal of the type described in the second
embodiment can be adopted as the gate signal to be outputted
from the gate generator 45, 1n this third embodiment a gate
signal expressing a DATA section and a CAPA section as
shown 1n FIG. 21(c) 1s adopted, assuming the case of repro-
ducing a DVD-RAM format. The first offset unit 1s operated
when the gate signal 1s H, and the second oflset unit 1s oper-
ated when the gate signal 1s L.

FIG. 25 shows the operation when control 1s performed
using the storage unit and the operation when control 1s per-
formed without the storage unit. Hereinatter, description will
be focused on the operation of the first oflset control.

First of all, (1) 1n FIG. 25(a) shows a detected offset value
in the state where the control of the first offset unit is held, and
(2) 1n FI1G. 25(a) shows a control value to the first offset unit
at that time. Since the first offset unit 1s continuously in the
held state, the control value 1s also constant.

Next, (1) 1n FIG. 25(b) shows a detected offset value in the
state where offset control 1s operated while the storage unit 50
1s not used. When control 1s started, since the second offset
unit 1s controlled 1n the section where the gate signal shown 1n
FIG. 25(d) 1s L, the detected oifset value also approaches the
center. Next, since the first offset unit 1s controlled in the
section where the gate signal 1s H, the detected offset value
also approaches the center. The offset control value shown by
(2) in FIG. 25(b) also varies downward. In the next section
where the gate signal 1s L, since the second offset unit 1s
operated, the first offset control value does not vary.

The first offset control is reset to the nitial value because an
unnecessary variation different from that in the previous L
section might occur 1n the offset at the output, unless the first
offset control 1s made similar to the second offset control at
the same time when the second oifset control starts to operate,
1.€., at the falling edge of the gate signal. Since the 1nitial value
1s held as 1t 1s during the section where the gate signal L, when
the second gate signal from starting the control goes 1nto the
H section, the control again starts from the 1mitial value.

Next, the operation of this third embodiment using the
storage unit 50 will be described. In FIG. 25(¢), (1) shows a
detected offset value 1n the case of using the storage unit 50.
When control 1s started, since the second offset unit 1s con-
trolled 1n the section where the gate signal 1s L as shown in
FIG. 25(d), the detected oflset value also approaches the
center by performing the control. Next, since the first offset
unit 1s controlled in the section where the gate signal 1s H, the
detected offset value also approaches the center. The con-
trolled offset value shown by (2) 1mn FIG. 25(¢) also varies
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downward. Since the second offset unit 1s operated 1n the next
section where the gate signal 1s L, the first offset control value
does not vary.

The first oifset control 1s reset to the 1imitial value because an
unnecessary variation different from that in the previous L
section might occur 1n the offset at the output, unless the first
olffset control 1s made similar to the second oifset control at
the same time when the second offset control starts to operate,
1.€., at the falling edge of the gate signal. The initial value 1s
held as 1t 1s during the section where the gate signal L. When
the second gate signal from starting the next control goes 1nto
the H section, the last control signal in the previous H section
1s outputted, and thereby the detected offset value soon
reaches near the center as shown in (1) of FIG. 25(c¢) although
it does not reach near the center 1n (1) of FIG. 25(b).

This third embodiment has an advantage that the time
required until the offset 1s pulled 1n the center level can be
reduced after the offset control value 1s learned, while 1n the
conventional art the time equivalent to the time constant
determined by the analog circuit 1s always required every time
tor pulling the offset 1n the center level.

As described above, according to the third embodiment,
since the storage unit S0 which controls the stored informa-
tion to be mput to the control unit in accordance with the gate
signal outputted from the gate generator 435 i1s provided 1n
addition to the configuration of the second embodiment, a
difference 1in DC component can be absorbed without
increasing the number of terminals. Further, since the control
signals generated by the controller are stored 1n the storage

unit, the time required until the DC offset 1s pulled 1n the
center level can be reduced.

Embodiment 4

A Tourth embodiment corresponds to the inventions,
wherein a hold signal 1s mput to the control unit of the first
embodiment to enable holding of control operation or switch-
ing of control speed.

Hereinatter, the fourth embodiment of the present inven-
tion will be described in detail with reference to the drawings.
FIG. 26 shows a block diagram of a signal processing device
of this fourth embodiment.

This signal processing device comprises a first offset unit 1
which gives a DC ofiset according to an ofifset control signal
to a reproduced signal mnput, a second offset unit 2 which
receives an output of the first offset umit 1 as an input signal
and gives a DC oflset according to an offset control signal to
the mput signal, an A/D converter 3 which receives an output
of the second offset unit 2 as an mput signal, and analog-to-
digital converts the input signal by sampling the same with a
clock of a predetermined clock period T to output sampling
data, a peak detector 4 which receives an output of the A/D
converter 3 and performs peak detection with a clock of a
period that 1s m times (m: positive integer) of the above-
mentioned clock period, a bottom detector S which receives
an output of the A/D converter 3 and performs bottom detec-
tion with a clock of a period that 1s n times (n: positive integer)
of the above-mentioned clock period, an offset detector 6
which receives an output from the peak detector 4 and an
output from the bottom detector 5, and calculates a signal
offset 1n the mput signal to the A/D converter 3 to output an
offset mformation signal, a hold signal generator 35 which
holds the output signal from the A/D converter 3, and a
controller 7 which exclusively controls the offset Controls of
the first offset unit 1 and the second offset unit 2 according to
the offset information signal outputted

from the oftset detec-
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tor 6, and can hold the control operation or switch the control
speed according to the mput hold signal.

Next, the operation of this fourth embodiment will be
described.

The reproduced signal from the information recording
medium 1s given offsets according to the control inputs by the
first offset unit 1 and the second offset unit 2, and then
sampled with a clock of a predetermined clock period T to be
converted into a quantized digital signal by the A/D converter
3.

Next, peak detection and bottom detection from the quan-
tized digital signal are performed by the peak detector 4 and
the bottom detector 5, respectively. The peak detection and
bottom detection operations are 1dentical to those of the first
embodiment, and both may be performed with a clock of the
same period as the clock of the predetermined clock period T.
However, peak detection and bottom detection can be simi-
larly performed by operating the peak detector 4 and the
bottom detector 5 with mT period and n'T period, respectively
(m, n are positive mtegers independent from each other, 1.e.,
n 1s a positive integer different from m) or by operating both
detectors with nT period (i.e., m, n are the same positive
integer not less than 2), thereby realizing a reduction 1n power
consumption.

Next, offset detection from the detected peak value and the
detected bottom value 1s performed by the offset detector 6.
Offset detection can be performed by detecting a sum of the
peak value and the bottom value, or a difference 1n distance
from the A/D center level, or whether the peak value and the
bottom value are respectively within the predetermined win-
dow ranges or not.

The detected oftset 1s shown i1n FIG. 13.

Next, the hold signal generated by the hold signal generator
55 1s 1nput to the controller 7. While 1n this fourth embodi-
ment the output signal from the A/D converter 3 1s input to the
hold signal generator 55, at least one of the output from the
bottom detector 5, the output from the peak detector 4, and the
amplitude information signal which 1s obtained by calcula-
tion between the output from the bottom detector 5 and the
output from the peak detector 4 may be input to the hold

signal generator 55, and the hold signal which detects a miss-
ing part of the input signal may be input to the controller 7.
Further, a signal which 1s generated when externally detecting
a defect may be adopted. Alternatively, a signal which 1s
externally mputted not when a defect or the like 1s detected
but when holding of the operation 1s required may be adopted.

As described above, according to the fourth embodiment,
the hold signal generator 535 for holding the output
signal’from the A/D converter 3 1s further provided 1n addi-
tion to the configuration of the third embodiment, and the
controller 7 1s configured to perform holding of the control
operation or switching of the control speed according to the
input hold signal. Thereby, a difference 1n DC component can
be absorbed without increasing the number of terminals, and
a phenomenon that the control signal exceeds the input
dynamic range of the A/D converter 3 after passing through a
defect can be suppressed by detecting a local variation of the
reproduced signal by the hold signal generator to hold the
ollset control or change the control response speed, and thus
the signal amplitude and oflset in the mput signal to the A/D
converter 3 can always be kept almost constant. Therefore, 1t
1s possible to resolve the problem that data reproduction
cannot be correctly performed because excessive time 1s
required until the reproduced signal falls within the input
dynamic range of the A/D converter 3 to be pulled 1n the
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normal state after passing through a signal missing part,
resulting in an effect that can mimmize a data error after
passing through a defect.

Embodiment 5

A fifth embodiment corresponds to the invention, and pro-
vides a more specific configuration of the first embodiment.
Hereinafter, the fifth embodiment will be described 1n detail
with reference to the drawings. FIG. 27 shows a block dia-
gram of a signal processing device according to the fifth
embodiment.

This signal processing device comprises a variable gain
amplifier 56 which give a gain according to a set value to a
reproduced signal 1input, a first offset unit 1 which receives an
output from the variable gain amplifier 56 as an 1input signal
and gives a DC oflset according to an offset control signal to
the input signal, a variable gain amplifier 9 which receives an
output from the first offset unit 1 as an mput signal and gives
a gain according to a gain control signal to the mput signal, a
second offset unit 2 which recerves an output from the vari-
able gain amplifier 9 as an 1nput signal and gives a DC offset
according to an ofiset control signal to the input signal, an
equalizer 10 which recerves an output from the second offset
unit 2 and emphasizes a high-frequency band thereotf, an A/D
converter 3 which receives an output from the equalizer 10 as
an mput signal, and analog-to-digital converts the input by
sampling the same with a clock of a predetermined clock
pertod T to output sampling data, a peak detector 4 which
receives an output from the A/D converter 3 and performs
peak detection with a clock of a period that 1s m times (m:
positive integer) of the above-mentioned clock period, a bot-
tom detector S which receives an output from the A/D con-
verter 3 and performs bottom detection with a clock of a
period that 1s n times (n: positive integer) of the above-men-
tioned clock period, an offset detector 6 which recerves an
output from the peak detector 4 and an output from the bottom
detector 5, and calculates a signal offset 1n the input signal to
the A/D converter 3 to output an offset information signal, an
amplitude detector 1 which recetves the output from the peak
detector 4 and the output from the bottom detector S, and
calculates a signal amplitude 1n the input signal to the A/D
converter 3 to output an amplitude information signal, a gain
controller 14 which controls the variable gain amplifier 9
according to the magmtude relation between the amplitude
information signal and a target amplitude value, and an offset
controller 13 which controls the first and second offset units
according to the magnitude relation between the offset infor-
mation signal outputted from the offset detector 6 and a target
olffset value.

Next, the operation of the fifth embodiment will be
described.

The reproduced signal from the information recording
medium 1s transferred to the variable gain amplifier 56, and
amplified by a gain that 1s set in the variable gain amplifier 56.
It 1s assumed that the variable gain amplifier 56 1s used to
absorb variations 1n the optical pickup and variations 1n dii-
ferences among information recording media. The gain to be
set 1n the variable gain amplifier 56 1s determined from the
initially learned values of arecorded information reproducing
apparatus and the evaluated values at the time of development
of the reproducing apparatus.

Then, variations in the pickup and the information record-
ing media are absorbed to some extent, the output from the
variable gain amplifier 56, which 1s within the reference
amplitude range, 1s mput to the first ofiset unit 1, an offset
according to a control signal 1s given to the input signal in the

10

15

20

25

30

35

40

45

50

55

60

65

22

first offset unit 1, a gain according to a gain control signal 1s
given to the input signal in the variable gain amplifier 9, and
an oflset according to an offset control signal 1s given to the
input signal 1n the second offset unit 2, and then wavetform
equalization 1s performed by the equalizer.

When reproducing a high-density recorded optical record-
ing medium, since the signal amplitudes of relatively short
recording marks are degraded due to the optical frequency
characteristics, the SNR (Signal to Noise Ratio) must be
improved by boosting up the frequency band by the equalizer
10. Further, the output from the equalizer 10 1s sampled with
a clock of a predetermined clock period T to be converted into
a quantized digital signal by the A/D converter 3.

Next, peak detection and bottom detection from the quan-
tized digital signal are performed by the peak detector 4 and
the bottom detector 5, respectively.

The peak detection and bottom detection operations are
identical to those of the first embodiment, and both may be
performed with a clock of the same period as the clock of the
predetermined clock period T. However, peak detection and
bottom detection can be similarly performed by operating the
peak detector 4 and the bottom detector 5 with mT period and
nT period, respectively (m, n are positive integers indepen-
dent from each other, 1.¢., n1s a positive integer different from
m) or by operating both detectors withnT period (1.e., m,nare
the same positive integer not less than 2), thereby realizing a
reduction in power consumption.

Further, amplitude detection 1s performed by the amplitude
detector 12. For example, amplitude detection 1s realized by
calculating a difference between the peak value and the bot-
tom value.

The operation of the offset controller 13 1s 1dentical to that
of the first embodiment.

The gain controller 14 compares the detected amplitude
value with a predetermined target amplitude value. When the
detected amplitude value 1s smaller than the target value, the
gain controller 14 outputs a control signal to increase the gain
of the variable gain amplifier 9, and when the detected ampli-
tude value 1s larger than the target value, 1t outputs a control
signal to reduce the gain of the vaniable gain amplifier 9.

While it 1s desired that the signal amplitude in the equalizer
10 should be passed at 1ts maximum amplitude within the
dynamic range of the equalizer 10 from the viewpoint of SNR
(Si1gnal to Noise Ratio), the mput signal amplitude and the
input signal offset of the equalizer 10 can be controlled to be
constant by placing the equalizer 10 in the previous stage of
the A/D converter 3 as in this fifth embodiment. Thereby, the
maximum SNR can be ensured, and it becomes unnecessary
to consider a variation margin such as a circuit oifset that
occurs at the previous stage of the equalizer 10, and therefore,
the signal of the maximum amplitude within the dynamic
range of the equalizer can be inputted.

As described above, according to the fifth embodiment, the
variable gain amplifier 56 which gives a gain according to a
set value to a reproduced signal 1nput, the first offset unit 1
which receives an output from the vaniable gain amplifier 56
as an input signal and gives a DC offset according to an offset
control signal to the input signal, the variable gain amplifier 9
whichreceives an output from the first offset unit 1 as an input
signal and gives a gain according to a gain control signal to the
input signal, the second offset unit 2 which recerves an output
from the variable gain amplifier 9 as an input signal and gives
a DC olflset according to an offset control signal to the mput
signal, and the equalizer 10 which receives an output from the
second offset unit 2 as an 1put signal and emphasizes the
high-frequency band thereof, are provided in the previous
stage of the A/D converter 3, and an offset and an amplitude
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in the input signal to the A/D converter 3 are detected based on
the peak detection result and the bottom detection result from

the output of the A/D converter 3, the offset controller 13
exclusively controls the first offset unit 1 and the second
offset unit 2 according to the offset information signal as 1ts
detection result, and the gain controller 14 controls the gain of
the vanable gain amplifier 9 according to the magnitude
relation between the amplitude information signal as its
detection result and the target amplitude value. Therelore, a
difference 1n DC component can be absorbed without
increasing the number of terminals, and the individual vari-
ability of the optical pickup or the information recording
medium can be absorbed by the variable gain amplifier 9, and
turther, the input signal amplitude and the mnput signal ofjset
of the equalizer 10 can be controlled to be constant by placing
the equalizer 10 in the previous stage of the A/D converter 3,
and thus the signal of the maximum amplitude within the
dynamic range of the equalizer 10 can be inputted.

Embodiment 6

A sixth embodiment corresponds to the invention, and
provides a configuration which emphasizes a high-fre-
quency-band simplification design for the equalizer 10 of the
fifth embodiment.

Hereinafter, the sixth embodiment will be described 1n
detail with reference to the drawings. FIG. 28 1s a block
diagram of a signal processing device of the sixth embodi-
ment.

This signal processing device comprises a variable gain
amplifier 56 which gives a gain according to a set value to a
reproduced signal input, a first ofIset unit 1 which receives an
output from the variable gain amplifier 56 as an input signal
and gives a DC oflset according to an offset control signal to
the input signal, a variable gain amplifier 9 which receives an
output from the first offset unit 1 as an mput signal and gives
a gain according to a gain control signal to the iput signal, a
second offset unit 2 which receives an output from the vari-
able gain amplifier 9 as an 1nput signal and gives a DC offset
according to an offset control signal to the input signal, an
equalizer 10 which recetves an output from the second offset
unit 2 as an put signal and emphasizes a high-frequency
band thereol, a third offset unit 57 which recerves an output
from the equalizer 10 as an mput signal and gives an offset
according to a set value to the mput signal, a fixed gain
amplifier 58 which receives an output from the offset unit 57
as an input signal and gives a fixed gain to the mput signal, an
A/D converter 3 which receives an output from the fixed gain
amplifier 38 as an input signal, and analog-to-digital converts
the mput signal by sampling the same with a clock of a
predetermined clock period T to output sampling data, a peak
detector 4 which recerves an output from the A/D converter 3
and performs peak detection with a clock of a period that1s m
times (m: positive integer) ol the above-mentioned clock
period, a bottom detector S which receives an output from the
A/D converter 3 and performs bottom detection with a clock
of a period that 1s n times (n: positive integer) of the above-
mentioned clock period, an offset detector 6 which receives
an output from the peak detector 4 and an output from the
bottom detector 5, and calculates a signal offset 1n the input
signal to the A/D converter 3 to output an offset information
signal, an amplitude detector 12 which receives the output
from the peak detector 4 and the output from the bottom
detector 5, and calculates a signal amplitude 1n the mput
signal to the A/D converter 3 to output an amplitude informa-
tion signal, a gain controller 14 which controls the variable
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the amplitude information signal and a target amplitude
value, and an offset controller 13 which controls the first and
second offset units according to the magnitude relation
between ollset information signal outputted from the offset
detector and a target off:

set value.

Next, the operation of the sixth embodiment will be
described.

The reproduced signal from the information recording
medium passes through the variable gain amplifier 56 to be
amplified by a gain that 1s set in the variable gain amplifier 56.
It 1s assumed that the varniable gain amplifier 36 i1s used to
absorb variations 1n the optical pickup and variations 1n dii-
ferences among individual information recording media. The
gain to be set 1n the vanable gain amplifier 56 1s determined
from mitially learned values of the recorded information
reproducing apparatus or values evaluated at the time of
development of the reproducing apparatus.

Then, variations 1n the pickup and the information record-
ing medium are absorbed to some extent, the output of the
variable gain amplifier 56 within the reference amplitude
range 1s input to the first offset unit 1, an ofiset according to a
control signal 1s given to the input by the first offset unit 1, a
gain according to a gain control signal 1s gwen to the input by
the variable gain amphﬁer 9, and an oifset according to an
offset control signal 1s given to the input by the second offset
unit 2, and thereafter, waveform equalization 1s performed by
the equalizer. When reproducing a high-density recorded
optical recording medium, since the signal amplitudes of
relatively short recording marks are degraded due to the opti-
cal frequency characteristics, the SNR (Si1gnal to Noise Ratio)
of the signal must be improved by boosting up the frequency
band by the equalizer 10. Further, 1in this embodiment, the
amplitude of the signal passing through the equalizer 10 can
be reduced by inserting the fixed gain amplifier in the previ-
ous stage of the A/D converter.

Further, when variation in the circuit offset of the fixed gain
amplifier 38 1s large, this variation can be absorbed by the
third offset unit 57. In order to absorb the influence of the
variation 1n the offset of the fixed gain amplifier 58, the offset
unmt 57 which receives the output of the equalizer 10 1s desired
to be set at a value which comes to the center level of the A/D
converter 3 at the time of the initial learning for the reproduc-
ing apparatus or the shlppmg inspection for the LSI. How-
ever, 11 the vanation 1n the offset of the fixed gain amphﬁer
does not affect the characteristics, the offset unit 57 is not
particularly required.

The output of the fixed gain amplifier 58 1s sampled with a
clock of a predetermined clock period T to be converted into
a quantized digital signal by the A/D converter 3.

Next, peak detection and bottom detection from the quan-
tized digital signal are performed by the peak detector 4 and
the bottom detector 5, respectively. The peak detection and
bottom detection operations are 1dentical to those of the first
embodiment, and both may be performed with a clock of the
same period as the clock of the predetermined clock period T.
However, peak detection and bottom detection can be simi-
larly performed by operating the peak detector 4 and the
bottom detector 5 with mT period and n'T period, respectively
(m, n are positive mtegers independent from each other, 1.¢.,
n 1s a positive integer different from m) or by operating both
detectors with n'T period (i.e., m, n are the same positive
integer not less than 2), thereby realizing a reduction 1n power
consumption.

Then, offset detection form the detected peak value and the
detected bottom value 1s performed by the offset detector 6.
The ofiset detection can be realized by detecting a sum of the
peak value and the bottom value, or a difference 1n distance
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from the A/D center level, or whether the peak value and the
bottom value are respectively within the predetermined win-
dow ranges or not. The detected oflset 1s shown 1n FIG. 13.

Further, amplitude detection 1s performed by the amplitude
detector 12. For example, amplitude detection 1s realized by
calculating a difference between the peak value and the bot-
tom value.

The operation of the offset controller 13 1s 1dentical to that
of the first embodiment.

The gain controller 14 compares the detected amplitude
value with a predetermined target amplitude value. When the
detected amplitude value 1s smaller than the target value, the
gain controller 14 outputs a control signal to increase the gain
of the vaniable gain amplifier 9, and when the detected ampli-
tude value 1s larger than the target value, i1t outputs a control
signal to reduce the gain of the variable gain amplifier 9.

While 1n the fifth embodiment 1t 1s described that the signal
1s desired to be passed with the maximum amplitude within
the dynamic range from the viewpoint of SNR, it 1s effective
to reduce the amplitude of the passing signal 1n order to
simplity the high bandwidth design from the viewpoint of
analog circuit design. Since distortion characteristics can be
casily ensured when the amplitude 1s small, such small ampli-
tude 1s suitable for the high bandwidth design.

As described above, according to the sixth embodiment,
the third offset unit 57 which gives a DC offset according to a
set value to the output of the equalizer 10, and the fixed gain
amplifier 58 which gives a fixed gain to the output of the third
offset unit 57 to output the result to the A/D converter are
turther provided between the equalizer 10 and the A/D con-
verter 3 1 addition to the configuration of the fifth embodi-
ment. Therefore, a difference mm DC component can be
absorbed without increasing the number of terminals, and the
amplitude of the signal passing through the equalizer 10 can
be reduced by the fixed gain amplifier 38, and thus the high
bandwidth design 1s facilitated, and varnation in the circuit
offset of the fixed gain amplifier 58 can be absorbed by the
third offset umt 57.

While 1n the first to sixth embodiments the first offset unit
and the second offset unit are connected 1n series, since the
first and second offset units are exclusively controlled, these
offset units may be connected in parallel.

In this case, however, one of the first and second offset
units, which 1s active, gives an offset to the mput signal and
outputs the signal, while the other one which 1s 1nactive
outputs no signal.

As described above, the signal processing device of the
present invention can realize stable A/D conversion by per-
forming adjustment so as to constantly input a reproduced
signal within the dynamic range of the A/D converter without
increasing the number of terminals even when a steep differ-
ence 1n DC voltage exists in an analog reproduction signal
that 1s read from an information recording medium such as an
optical disc.

The mvention claimed 1s:

1. A signal processing device, comprising:

a first offset unit configured to provide a DC ofiset by
high-speed operation according to an offset control sig-
nal to a reproduced signal mput to absorb drastic DC
offset:;

a second oflset unit configured to provide a DC offset by
low-speed operation according to an offset control sig-
nal to the reproduced signal input to absorb ofiset of the
reproduced signal having asymmetry;

an A/D converter configured to provide an output from the
first oifset unit or an output from the second offset unit as
an iput signal, and to analog-to-digital convert the input
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signal by sampling the mput signal with a clock having
a predetermined clock period T and output sampling
data;

a peak detector configured to recerve an output from the
A/D converter, and perform peak detection with a clock
having a period that 1s m times (m being a positive
integer) of the clock period T;

a bottom detector configured to receive an output from the
A/D converter, and perform bottom detection with a
clock having a period that 1s n times (n being a positive
integer) of the clock period T;

an olfset detector configured to receive an output from the
peak detector and an output from the bottom detector,
calculate a signal offset in the iput signal to the A/D
converter and output an offset information signal; and

a controller configured to exclusively control the offset
controls provided by the first and second offset units
according to the offset information signal outputted
from the offset detector;

a gate signal generator configured to generate a gate signal;
and

a storage umt configured to store information regarding a
control signal outputted from the controller,

wherein the controller exclusively controls the offset con-
trol operations performed by the first and second offset
units according to the offset information signal and the
gate signal,

a hold information to be input to the controller 1s controlled
by the gate signal outputted from the gate signal genera-
tor and the first oflset controller instantaneously absorbs
the drastic DC ofifset by using the hold information
stored 1n the storing unit, and

the offset 1n the mput signal to the A/D converter 1s kept
approximately constant independently of a local varia-
tion 1n the reproduced signal.

2. A signal processing device as defined in claim 1, wherein

the gate signal outputted from the gate generator 1s a signal
for distinguishing between a region where data 1s written
and a region where data 1s not written on a recording,
medium.

3. A signal processing device as defined 1n claim 1, wherein

the gate generator sets the gate signal to be outputted there-
from, to different types of gate signals before and after
acquisition ol address information of the recording
medium.

4. A signal processing device as defined in claim 1, wherein

the gate signal outputted from the gate generator 1s a signal
for distinguishing between a header region where
address data 1s recorded and a data region where user
data 1s recorded on a recording medium.

5. A signal processing device as defined 1n claim 1, further

comprising;

a controller which 1s able to hold a control operation or
change a control speed upon reception of a hold signal,

wherein the signal offset in the input signal to the A/D
converter 1s kept approximately constant independently
of a local variation 1n the reproduced signal.

6. A signal processing device as defined 1n claim 1, further

comprising;

a signal detector configured to recerve the outputs from the
peak detector and the bottom detector, and calculate a
signal amplitude 1n the input signal to the A/D converter
to output an amplitude information signal; and

a hold signal generator configured to recerve at least one of
the output from the A/D converter, the output from the
bottom detector, the output from the offset detector, and
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the amplitude information signal, and detects a lack of

an external iput signal to output a hold signal,
wherein the hold signal enables holding of a control opera-

tion of the controller or switching of a control speed.

7. A signal processing device, comprising:

a first variable gain amplifier configured to provide a gain
by high-speed operation according to a set value to a
reproduced signal input to absorb drastic DC oifset;

a first offset unit configured to recerve an output from the

first variable gain amplifier as an mput signal, and pro-
vide a DC offset according to an oifset control signal to
the input signal;

a second variable gain amplifier configured to receive an
output ifrom the first offset unit as an mput signal, and
provide a gain according to a gain control signal to the
input signal;

a second oifset unit configured to recerve an output of the
second variable gain amplifier as an mput signal, and
provide a DC offset by low-speed operation according to
an offset control signal to the input signal to absorb
olfset of the reproduced signal having asymmetry;

an equalizer configured to recetve an output from the sec-
ond offset umt, and emphasize a high-frequency band
thereof:;

an A/D converter configured to recerve an output from the
equalizer as an 1nput signal, and analog-to-digital con-
verting convert the mput signal by sampling the input
signal with a clock having a predetermined clock period
T and output sampling data;

a peak detector configured to receive an output from the
A/D converter, and perform peak detection with a clock
having a period that 1s m times (m being a positive
integer) of the clock period T;

a bottom detector configured to recerve an output from the
A/D converter, and perform bottom detection with a
clock having a period that 1s n times (n being a positive
integer) of the clock period T;

an oifset detector configured to receive an output from the
peak detector and an output from the bottom detector,
calculate a signal offset in the input signal to the A/D
converter and output an offset information signal;
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an amplitude detector configured to receive an output from
the peak detector and an output from the bottom detec-
tor, calculate a signal amplitude 1n the 1nput signal to the
A/D converter and output an amplitude information sig-
nal;

a gain controller configured to control the first and second
variable gain amplifiers according to a magnitude rela-
tionship between the amplitude information signal and a
target amplitude value; and

an ollset controller configured to control the first and sec-
ond offset units according to the magnitude relationship
between the offset information signal outputted from the
offset detector and a target offset value;

a gate signal generator configured to generate a gate signal;
and

a storage unit configured to store information regarding a
control signal outputted from the controller,

wherein the controller exclusively controls the offset con-
trol operations performed by the first and second offset
units according to the oflset information signal and the
gate signal,

a hold information to be input to the controller 1s controlled
by the gate s1ignal outputted from the gate signal genera-
tor and the first offset controller instantaneously absorbs
the drastic DC offset by using the hold information from
the storing unit, and

the signal amplitude and the offset in the 1nput signal to the
A/D converter are kept approximately constant indepen-
dently of a local varniation 1n the reproduced signal.

8. A signal processing device as defined 1n claim 7, further

comprising;

a third offset unit configured to recerve the output from the
equalizer as an input signal, and provide a DC offset
according to a set value to the input signal; and

a fixed gain amplifier configured to recerve an output from
the third offset unit as an mnput signal, and provide a fixed
gain to the mput signal and output a signal to the A/D
converter,

wherein the third offset unit and the fixed gain amplifier are
placed between the equalizer and the A/D converter.
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